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Abstrat
This paper provides an update to the review on extragalati large-
sale strutures unovered in the Zone of Avoidane (ZOA) by Kraan-
Korteweg & Lahav 2000, in partiular in the Great Attrator (GA) re-
gion. Emphasis is given to the penetration of the ZOA with the in 2003
released nearinfrared (NIR) 2MASS Extended Soure Catalog. A om-
parison with deep optial searhes onrms that the distribution is little
aeted by the foreground dust. Galaxies an be identied to extintion
levels of over AB ∼> 10
m
ompared to about 3.
m
0 in the optial. How-
ever, star density has been found to be a strong delimiting fator. In the
wider Galati Bulge region (ℓ = 0
◦±90◦) this does not hold and optial
surveys atually probe deeper (see Fig. 9). The shape of the NIR-ZOA
is quite asymmetri due to Galati features suh as spiral arms and the
Bulge, something that should not be ignored when using NIR samples
for studies suh as dipole determinations.
Various systemati surveys have been undertaken with radio tele-
sopes to detet gas-rih galaxies in the optially and NIR impenetrat-
able part of the ZOA. We present results from the reently nished deep
blind HI ZOA survey performed with the Multibeam Reeiver at the 64m
Parkes telesope (v ∼< 12 700 km s
−1
). The distribution of the roughly
one thousand disovered spiral galaxies within |b| < 5◦ learly depit
the prominene of the Norma Superluster. In ombination with the
optially identied galaxies in the ZOA, a piture emerges that bears a
striking resemblane to the Coma luster in the Great Wall in the rst
redshift slie of the CFA2 survey (de Lapparent, Geller & Huhra 1986):
the rih Norma luster (ACO3627) lies within a great-wall like stru-
ture that an be traed at the redshift range of the luster over ∼ 90◦
on the sky, with two foreground laments  reminisent of the legs in
the famous stik man  that merge in an overdensity at slightly lower
redshifts around the radio galaxy PKS 1343−601 (see Figs. 14 & 16).
1 Introdution
The absorption of light due to dust partiles and the inrease in star density
lose to the Galati Equator and around the Galati Bulge reates a Zone
1
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Figure 1: Aito equal-area projetion in Galati oordinates of galaxies with
D ≥ 1.′3. The galaxies are diameter-oded. The ontour marks absorption in
the blue of AB = 1.
m0 as determined from the Shlegel, Finkbeiner & Davis
(1998) dust extintion maps. Figure from KK&L2000.
of Avoidane in the distribution of galaxies, the size and shape of whih
depends on the wavelength at whih galaxies are sampled. Figure 1 shows
a omplete sample of optially ataloged galaxies in an Aito projetion in
Galati oordinates (see Kraan-Korteweg & Lahav 2000 for details; hene-
forth KK&L2000). The broad band void of galaxies takes up about 20% of
the sky. Its form is like a near-perfet negative of the optial light distribution
as depited in the famous omposite by Lundmark (1940), and is well traed
by the dust (see ontour in Fig. 1).
The ZOA has, with few exeptions, been avoided by astronomers study-
ing the extragalati sky beause of the inherent diulties in determining
the physial parameters of galaxies lying behind the disk of our Galaxy  if
they an be identied at all. The eet of absorption and star-rowding is
illustrated in a simulation made by Nagayama (2004) whih is reprodued in
Fig. 2. The images are based on observations made with the Japanese 1.4m
Infrared Survey Faility (IRSF) at the Sutherland observing site of the South
Afrian Astronomial Observatory. The amera on the IRSF has the ability
to simultaneously take J , H , and K data with a eld of view of 8′ × 8′.
The left-hand panel shows a ombined JHK eld in the Hydra luster
where absorption is negligible and star-rowding a minor problem. Subjet-
ing this image to a foreground extintion of AB = 12
m
whih in the NIR
bands JHK redues to a mere 2.m5, 1.m7 and 1.m1 respetively (see Set. 3
for details) results in the image of the middle panel. While the originally
small and faint galaxies are lost ompletely, the larger galaxies are smaller in
size, of lower surfae-brightness, and redder. A further diulty in identify-
ing galaxies and determining their properties is star-rowding. To illustrate
this, Nagayama then ombined this artiially absorbed eld with a eld in
the surroundings of the radio galaxy PKS1343−601 at low Galati latitudes
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Figure 2: Left: A JHK image of 8'×8' obtained with the Japanese IRSF
of the Hydra galaxy luster. Middle: simulation of same eld seen through
an obsuration layer of 12.m0, 2.m5, 1.m7, and 1.m1 of extintion in the BJHK
bands respetively. Right: previous eld now positioned in the area of the low
latitude radio galaxy PKS1343−601. Figure adopted from Nagayama 2004.
(ℓ = 309.◦7, b = +1.◦8), also obtained with IRSF. This is reprodued in the
right-hand panel of Fig. 2. Here, the reognition of even the intrinsially
largest galaxies is hard when knowing where the galaxies are loated (see
panels to the left). Further examples of extintion and star-rowding eets
an be found on http://www.z.phys.nagoya-u.a.jp/∼nagayama/hydra. This
site also shows some examples of real galaxy andidates deteted behind this
thik obsuration and star layer.
The simulation learly demonstrates why the inentive was low to map
and investigate galaxies, their properties and their distribution in spae in the
ZOA. However, with the realization that galaxies are loated predominantly
in lusters, sheets and laments, leaving large areas devoid of luminous mat-
ter, ame the understanding that a onensus of galaxies of the whole sky
is required when addressing various osmologial questions related to the dy-
namis of the loal Universe.
The losest superlusters suh as the Loal Superluster, the Centaurus
Wall, the Perseus-Pises hain, the Great Attrator  a large mass overdensity
of about 5 · 1016M⊙ that was predited from the systemati infall pattern of
400 ellipitials (Dressler et al. 1987)  all are biseted by the Milky Way,
making a omplete mapping and determination of their extent and dynamis
impossible. Moreover, the irregular distribution of mass indues systemati
ow patterns over and above the uniform Hubble expansion of the Universe.
This eet is seen in the peuliar motion of the Loal Group with respet
to the Cosmi Mirowave Bakground (CMB; e.g. Kogut et al. 1993). Suh
systemati ow patterns were rst mapped within the Virgo Superluster
(Tonry & Davis 1981) and later on a muh larger sale later in the Great
Attrator region. It might even perturb the motions of galaxies in a volume
all the way out to the Shapley Conentration, inluding the GA as a whole,
though this still remains ontroversial (e.g. Koevski, Mullis, & Ebeling 2004;
Luey, Radburn-Smith & Hudson, 2005; Hudson et al. 2004).
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Kolatt, Dekel & Lahav (1995), have shown that the mass distribution of
the inner ZOA (b ± 20◦) as derived from theoretial reonstrutions of the
density eld is ruial to the derivation of the gravitational aeleration of
the LG. This not only onerns hidden lusters, laments, and voids. Nearby
massive galaxies may also ontribute signiantly to the dipole and many
of the nearby luminous galaxies do atually lie behind the Milky Way (e.g.
Kraan-Korteweg et al. 1994). Moreover, a hidden Andromeda-like galaxy will
inuene the internal dynamis of the LG, its mass derivation and the present
density determination of the Universe from timing arguments (Peebles 1994).
For our understanding of veloity ow elds, in partiular the Great At-
trator, the ZOA onstitutes a severe barrier. The various 2 and 3-dimensional
reonstrution methods nd the ow towards this GA to be due to a quite
extended region of moderately enhaned galaxy density entered on the Milky
Way (about ∼ 40◦ × 40◦, entered on ℓ, v, b ∼ 320◦, 0◦, 4500 km s−1; see e.g.
Fig. 1b in Kolatt et al. 1995). Although a onsiderable exess of galaxies
is seen in that general region of the sky (Lynden-Bell & Lahav 1988; Fig. 1
here), no dominant luster or entral peak had been identied. Whether it
existed and whether galaxies were fair traers of the dynamially impliated
mass distribution ould not be answered, beause a dominant fration of the
GA was hidden by the Milky Way.
For these reasons, various groups began projets in the last 1015 years
to try to unveil the galaxy distribution behind our Milky Way. Preliminary
results, mainly based on optial, HI observations and follow-up of seleted
IRAS-PSC galaxy andidates, were presented at the rst onferene on this
topi in 1994 (see Balkowski & Kraan-Korteweg (eds.) 1994, ASP Conf. Ser.
67). Meanwhile most of the ZOA has been probed in a systemati manner
in all wavelength ranges of the eletromagneti spetrum (optial, near- and
far-infrared, HI and X-ray), next to, and in omparison to, the reonstruted
density elds in the ZOA. Many of these surveys and subsequent results are
desribed in the proeedings of the seond and third meeting on this topi
(Kraan-Korteweg, Henning & Andernah (eds.) 2000, ASP Conf. Ser. 218;
Fairall & Woudt (eds.) 2005, ASP Conf. Ser. 329).
A omprehensive overview on the then urrent status of all the ZOA
projets was prepared in 2000 by Kraan-Korteweg & Lahav. It provides a
detailed introdution on the motivation of ZOA studies, the status of and
the results from the dierent survey methods, inluding a disussion on the
limitations and seletion eets of the various approahes, as well as how they
omplement eah other. In this paper, I will build on the information given
there, and onentrate mainly on new results, although a summary and an up-
date on the results from deep optial galaxy searhes and redshift follow-ups in
the Great Attrator region is given in Set. 2, as these are relevant to the dis-
ussions in the subsequent setions. Set. 3 desribes the enormous progress
made in NIR-surveys with the release of the 2MASS Extended Soure Catalog
(2MASX) whih ontains 1.65 million galaxies or other extended soures over
the whole-sky. It ontains a disussion on the harateristis of this survey, in
partiular to penetrating the ZOA in omparison to optial surveys. Set. 4 is
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dediated to the results obtained from the systemati HI-survey of the south-
ern ZOA that was performed between 1997 and 2002 with the Multibeam
Reeiver at the 64m Parkes radio telesope. Next to the instrument and
survey tehnique, the newly unovered galaxy distribution is disussed. The
last setion (Set. 5) will then desribe the emerging piture of the Great At-
trator overdensity inluding the data obtained from the various ZOA survey
methods.
2 Optial Galaxy Searhes and the GA
Optial galaxy atalogs beome inreasingly inomplete for intrinsially large
galaxies towards the Galati Plane, beause of the redution in brightness and
`visible' extent by the thikening dust layer and the inrease in star density
(Fig. 2). However, this is a gradual eet. Deeper searhes for partially
obsured galaxies  fainter and smaller than existing atalogs  have been
suesfully performed on existing sky survey plates. Over 50 000 unknown
galaxies were unovered, resulting in a onsiderable redution of the ZOA.
Figure 3: Distribution of Lauberts (1982) galaxies with D ≥ 1.′3 (open ir-
les) and galaxies with D ≥ 12′′ (small dots) identied in the optial galaxy
searhes. The ontours represent extintion levels of AB = 1.
m0 and 3.m0.
Fig. 3 gives an example of results obtained by our group in and around the
Great Attrator region. This omprises (from right to left) the Vela region
(Salem & Kraan-Korteweg, in prep.), Hydra/Antlia (Kraan-Korteweg 2000),
Crux and Great Attrator (Woudt & Kraan-Korteweg 2001) and Sorpius
(Fairall & Kraan-Korteweg 2000, 2005). Using a viewer with a 50 times
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magniation on IIIaJ lm opies of the ESO/SRC survey resulted in the
identiation of over 17 000 galaxies down to a diameter limit of D = 0.′2
within Galati latitudes of |b| ∼< 10
◦
over a longitude range of 250◦ ∼< ℓ ∼<
350◦. 97% were previously unknown. Their distribution is displayed in Fig. 3
together with earlier known galaxies. Note how the ZOA ould be lled from
AB = 1.
m0, the approximate ompleteness limit of previous atalogs, to AB =
3.m0, with a few galaxies still reognizable up to extintion levels of AB = 5.
m0.
Distint large-sale strutures unorrelated with the foreground obsura-
tion an be diserned. The most extreme overdensity (ℓ, b) ∼ (325◦,−7◦) is
found lose to the ore of the GA. It is entered on the luster ACO3627
(Abell, Corwin & Olowin 1989) and is at least a fator 10 denser ompared to
regions at similar extintion levels, and ontains a signiant larger fration of
brighter galaxies as well as elliptial galaxies. The prominane of this luster
had never been realized beause of its loation in the Milky Way. Within the
Abell radius (dened as 3 h−1
50
Mp) of this luster, a total of 603 galaxies
with D ≥ 0.′2 have been identied, of whih only 31 were ataloged before by
Lauberts (1982).
Figure 4, a deeper BRI omposite image obtained later by Woudt with
the Wide Field Imager at the ESO 2.2m telesope in la Silla (Woudt, Kraan-
Korteweg & Fairall 2000), displays the enter of this luster in its full glory,
despite the approximate 200 000 foreground stars. On this 37′×37′ image (left
panel), even more galaxies an be identied than the 74 galaxies found in the
same area on the IIIaJ elds. The luster has, like the Coma luster, two D
galaxies at its enter. The rihness of this luster an be fully appreiated
in the lose-up in the right-hand panel with the there apparent large dwarf
galaxy population (image entered on the right of enter D of the left panel).
Figure 4: A BRI omposite of the entral 37′ × 37′ of the luster ACO3627
obtained with the WFI of the ESO 2.2m telesope (left). Note the 2 dom-
inant D galaxies at the enter of this luster and the rihness of the dwarf
population in the lose-up (4x) on the right. Figure from Woudt et al. 2000.
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A quantiation of the relevane of the newly unovered galaxy distribu-
tion in ontext to known strutures an be made when studying the omplete-
ness limits of the ZOA galaxy atalogs and orreting the observed parame-
ters of the galaxies for the diminishing eets due to absorption applying the
inverse Cameron (1990) laws. The latter provides equations to orret the
observed magnitudes and diameters for their redution as a funtion of ex-
tintion at their positon behind the Milky Way. Kraan-Korteweg (2000) and
Woudt & Kraan-Korteweg (2001) have shown that their atalogs are omplete
to D = 14′′ down to extintion levels of AB ≤ 3.
m0. Corretions for the appar-
ently smallest galaxy at maximum extintion indiates that these surveys are
omplete for galaxies with extintion-orreted diameters of Do = 1.′0 down
to AB ≤ 3.
m0.
Figure 5: Equal area projetion of galaxies with D0 ≥ 1.′3 and AB ≤ 3
m
entered on the GA at (ℓ, b) = (320◦, 0◦) within a radius of 70◦. The galaxies
are taken from the ESO, the UGC and the MGC, omplemented by our ZOA
atalogs. The extintion ontour of AB = 3
m
is superimposed. Searh areas
in progress are indiated. Figure from Woudt & Kraan-Korteweg 2001.
Knowing that the ombined ESO Lauberts (1982) atalog, the Uppsala
General Catalog UGC (Nilson 1973), and the Morphologial Catalog of Galax-
ies MGC (Vorontsov-Velyaminov & Arhipova 1963-74) displayed in Fig. 1 are
omplete to D = 1.◦3 (Hudson & Lynden-Bell 1991), we an omplement this
merged whole-sky atalog down to AB ≤ 3.
m0 with galaxies that would ap-
pear in these atalogs were they not lying behind the Milky Way, i.e. with
Do = 1.′3. This has been done in Fig. 5, in an equal area projetion entered
on the Great Attrator at (ℓ, b) = (320◦, 0◦) and inludes all galaxies with
extintion-orreted diameters larger than D0 ≥ 1.′3 and AB ≤ 3
m
from the
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Hydra/Antlia, Crux and GA atalogs, next to the previously known galaxies
from the ESO, UGC and MGC atalogs.
Figure 5 provides the most omplete view of the optial galaxy distribu-
tion in the Great Attrator region to date. Comparing Fig. 5 with Fig. 1
demonstrates the redution of the optial ZOA (over 50%). The nal galaxy
distribution not only shows the dominane of the ACO3627 luster, hene-
forth alled the Norma luster for the onstellation in whih it is loated, but
also displays a high galaxy density in the wider GA region on both sides of
the Galati Plane. Though the redution of the ZOA is signiant, optial
approahes learly do not fully sueed in penetrating the ZOA.
2.1 Veloity Distribution
Redshift overage of the nearby galaxy population in the ZOA is essential
in determining their impat on the loal dynamis and also to identify the
features that form part of the GA overdensity. We have aimed to obtain
a fairly homogeneous and omplete overage of the (extintion-orreted)
brighter and larger newly unovered galaxies in the ZOA. Three distintly
dierent observational approahes were used: (i) optial spetrosopy for in-
dividual galaxies of high entral surfae brightness at the 1.9m telesope of
the SAAO (Kraan-Korteweg, Fairall, & Balkowski 1995; Fairall, Woudt, &
Kraan-Korteweg 1998; Woudt, Kraan-Korteweg, & Fairall 1999), (ii) HI-line
observations with the 64m Parkes radio telesope for low surfae brightness
gas-rih spiral galaxies (Kraan-Korteweg, Henning & Shröder 2002; Shröder,
Kraan-Korteweg & Henning, in prep.), (iii) low resolution, multi-ber spe-
trosopy for the high-density regions with Optopus and MEFOS at the 3.6m
telesope of ESO, LaSilla (see Woudt et al. 2004 for MEFOS results). With
the above observations, we typially obtain redshifts of 15% of the galaxies
and an trae large-sale strutures fairly well out to reession veloities of
about 20 000 km s−1.
The resulting veloity histograms are plotted in Fig. 6, separately for the
three searh areas. One glane immediately reveals the striking dierene
between the Hydra/Antlia, Crux and GA region, although all three have
been sampled to approximately the same depth. The veloity distribution
in Hydra/Antlia is overall quite shallow, with a peak at v ∼ 2750 km s−1,
whih orresponds to the extension of the Hydra/Antlia lament into the
ZOA, and a broader overdensity at about 6000 km s−1, assoiated with the
Vela overdensity (280◦,+6◦), next to some higher veloity peaks.
In the Crux region, a broad onentration of galaxies is present from about
3500 to 8500 km s
−1
. This feature is already inuened by the GA overdensity.
It is due to a wall-like struture that seems to onnet the Norma luster
aross the Centaurus-Crux, respetively the CIZA J 1324.7−5736 luster at
(ℓ, b, v) ∼ (307◦, 5◦, 6200 km s−1) (Woudt 1998; Ebeling, Mullis & Tully 2002)
to the Vela overdensity at (280◦,+6◦, 6000 km s−1) (see also Fig. 15 and 16).
The GA histogram, in omparison, is strongly dominated by the very high
peak assoiated with the Norma luster at 4848 km s
−1
(Kraan-Korteweg et
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Figure 6: Veloity histograms in the Hydra/Antlia, Crux and GA regions.
Dark shaded area orrespond to the helioentri veloities obtained with
MEFOS, ross-hathed region inludes the SAAO and Parkes observations
as well as veloities from the literature. Figure from Woudt et al. 2004.
al. 1996; Woudt 1998) and the surrounding great wall-like struture in whih
it is embedded. The peak orresponds exatly to the predited mean redshift
of the Great Attrator. The Norma luster, with a veloity dispersion of
896 km s
−1
, has been found to have a virial mass of the same order as the
Coma luster (Kraan-Korteweg et al. 1996; Woudt 1998). This is onrmed
independently by the X-ray observations with ROSAT (Böhringer et al. 1996)
whih nds the Norma luster to be the 6th brightest ROSAT luster in the
sky. Simulations have furthermore shown that the well-known Coma luster
would appear the same as the Norma luster if Coma were loated behind the
Milky Way at the loation of the Norma luster (Woudt 1998). The Norma
luster does not only seem the most likely andidate to dene the ore of the
GA, it also seems to have superseded the well-known Coma luster as being
the nearest rih luster to the LG, and therefore is an interesting luster on
its own, irrespetive of its entral position in the GA region.
A detailed dynamial analysis of the Norma luster is in preparation (see
Woudt 1998, Woudt et al. 2000, for preliminary results), as well as a preise
determination of its distane (Woudt et al. 2005, Woudt et al., in prep.),
in order to determine whether the Norma luster, and therefore the GA as a
whole, is at rest with respet to the CMB, or partakes in the earlier mentioned,
still ontroversial ow towards to Shapley Conentration.
Besides the dominant peak due to the GA, the peak at 14 000 km s
−1
in the
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lower panel of Fig. 6 is noteworthy. It is due to the Ara luster (Woudt 1998;
Ebeling et al. 2002) whih together with the adjaent Triangulum-Australis
luster (MHardy et al. 1981) forms a larger overdensity referred to as a
'Greater Attrator behind the Great Attrator' by Saunders et al. (2000).
They nd a signature of this overdensity in the reonstruted IRAS galaxy
density eld.
2.2 Does the Norma Cluster Dene the Core of the GA?
The emerging optial piture of the Great Attrator so far is that of a onu-
ene of superlusters (the Centaurus Wall and the Norma superluster) with
the Norma luster being the most likely andidate for the Great Attrator's
previously unseen enter. However, the potential well of the GA might be
rather shallow and extended. Seen that the ZOA has not been ompletely re-
dued by deep optial surveys it is not inoneivable that further prospetive
galaxy lusters might be loated at the bottom of the GA's potential well at
extintion levels AB ≥ 3
m
(Fig. 5).
Deteting lusters at higher extintion levels is not straightforward. The
X-ray band is potentially an exellent window for studies of large-sale stru-
ture in the ZOA, beause the Milky Way is transparent to the hard X-ray
emission above a few keV, and beause rih lusters are strong X-ray emit-
ters. But although dust extintion and stellar onfusion are unimportant in
the X-ray band, photoeletri absorption by the Galati hydrogen atoms 
the X-ray absorbing equivalent hydrogen olumn density  does also limit de-
tetions lose to the Galati Plane. A systemati X-ray searh for lusters in
the ZOA (|b| ≤ 20◦) has been performed by Ebeling et al. (2002). They found
only the above-mentioned Centaurus-Crux or CIZA J 1324.7−5736 luster, as
a previously unknown omponent, that might form part of of the GA (see
also Koevski et al. 2004, Mullis et al. 2005), though it is by no means as
entrally loated in the GA, nor as massive as the Norma luster.
Alternatively, a strong entral radio soure, suh as PKS 1610−608 in the
Norma luster, ould also point to unidentied lusters. Exatly suh a soure
lies in the deepest layers of the Galati foreground extintion (AB = 12
m
)
at (ℓ, b, v) = (309.7◦,+1.7◦, 3872 km s−1). This strong radio soure was sus-
peted for a long time by Kraan-Korteweg & Woudt (1999) of being the prin-
ipal member of an unknown rih galaxy luster. An overdensity of galaxies
around this massive galaxy had indeed been seen in blind HI-surveys, whih
are uneeted by extintion (see Set. 4). Moreover, dediated infrared stud-
ies in the surroundings of PKS 1343−601 also found an exess of galaxies (e.g.
Kraan-Korteweg et al. 2005a in the I-band; Shröder et al. 2005 on DENIS
IHK- images; and Nagayama et al. 2004, 2005, in JHK). The data are,
however, not supportive of this being a rih massive luster. This is onsis-
tent with the upper limit of X-ray emission determined from ROSAT data by
Ebeling et al. 2002.
ACO3627 thus remains the most likely andidate of onstituting the en-
tral density peak of the potential well of the Great Attrator overdensity.
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3 2MASS Galaxies and the ZOA
Observations in the near infrared (NIR) an provide important omplemen-
tary data to other surveys. With extintion dereasing as a funtion of wave-
length, NIR photons are muh less aeted by absorption ompared to optial
surveys. The I, J , H and K band extintion is only 45%, 21%, 14% and 9%
ompared to the optial B band  hene, as the mean longitude of the sur-
veys in the respetive wavebands inreases, a progressively deeper searh into
thiker obsuration layers at lower Galati latitudes is possible.
The NIR is sensitive to early-type galaxies  traers of massive groups
and lusters  whih are missed in far infrared (FIR) surveys not disussed in
this paper (but see KK&L2000) and HI surveys (Set. 4). Moreover, reent
star formation ontributes only little to the NIR ux of galaxies (in ontrast
to optial and FIR emission) and therefore provides a better estimate of the
stellar mass ontent of galaxies.
Two systemati near infrared surveys have been performed: DENIS, the
DEep Near Infrared Southern Sky Survey, has imaged the southern sky from
−88◦ < δ < +2◦ in the Ic (0.8µm), J (1.25µm) and Ks (2.15µm) bands
with magnitude ompleteness limits for stars of I = 18.m5, J = 16.m5 and
K = 14.m0 leading to a predition of the detetion of 100 million stars (see
http://www-denis.iap.fr for further details). The DENIS ompleteness limits
(total magnitudes) for highly reliable automated galaxy extration away from
the ZOA (|b| > 10◦) was determined as I = 16.m5, J = 14.m8, Ks = 12.
m0 by
Mamon (1998), leading to a predited extration of roughly 250 000 galaxies.
A provisional DENIS I-band atalog of galaxies with I ≤ 14.m5 for 67% of
the southern sky has been released by Paturel, Rousseau & Vauglin (2003),
and over 2000 serendipitous DENIS detetions of galaxies behind the Milky
Way by Vauglin et al. 2002 (see also Rousseau et al. 2000 for the desription
of some noteworthy DENIS galaxies unovered in the ZOA). Results of pilot
studies in probing the ZOA using DENIS data onentrated on the Great
Attrator region, in partiular in the surroundings of the luster ACO3627
and the radio soure PKS 1343−601, have been given in Shröder et al. (1997,
1999, 2000, 2005) and Kraan-Korteweg et al. (1998), and KK&L2000.
2MASS, the 2 Miron All Sky Survey, overs the whole sky in the J
(1.25µm), H (1.65µm) and Ks (2.15µm) bands. Its point soure sensitiv-
ity limits are J = 15.m8, H = 15.m1 and K = 14.m3, whereas for galaxies and
other spatially resolved objets, the survey should be omplete away from the
Galati Plane to J = 15.m0, H = 14.m3 and K = 13.m5 over a wide range of
surfae brightnesses (Jarrett et al. 2000a,b). Soure extration resulted in a
Point Soure Catalog (PSC) ontaining lose to half a billion objets, most of
whih will be Milky Way stars (next to an estimated 3 to 5 million unresolved
galaxies), as well as the 2MASS Extended Soure Catalog (2MASX) whih
ontains 1.65 million galaxies or other extended soures.
In the following, we will disuss the eetiveness of 2MASX with regard
to Zone of Avoidane penetration and ompare this to the redued optial
ZOA inluding the results from the deep optial surveys. This not only to
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Figure 7: Distribution of 2MASX soures with K < 14.m0 in an equal area
Aito projetion in Galati oordinates entered on the Galati Bulge. Stars
from the PSC area also displayed. Figure adopted from Jarrett 2004.
determine the most eetive method of unovering galaxies hidden by the
Milky Way, but by studying the magnitude ompleteness limits, olors and
surfae brightness as a funtion of extintion or star density, we hope, amongst
others, to also optimize redshift follow-up observations in the ZOA.
3.1 The 2MASX Zone of Avoidane
The nal release of the 2MASX by the Two Miron All Sky Survey Team in
2003 (Jarrett et al. 2000b) now allows a detailed study of the performane of
2MASS in mapping the extragalati large-sale strutures aross the ZOA,
as well as ompare and ross-orrelate the 2MASS galaxy distribution with
the deep optial ZOA atalogs (see also Kraan-Korteweg & Jarrett 2005).
Fig. 7 (adopted from Jarrett 2004) shows an Aito projetion in Galati
oordinates entered on the Galati Bulge of all the 1.65 million resolved
MASX soures with magnitudes brighter than K < 14.m0, in addition to the
nearly 0.5 billion Milky Way stars. A desription of the large-sale struture
of these galaxies based on redshifts estimated from their NIR olors is given
in Jarrett 2004. Here we will onentrate on the penetration of the ZOA.
Compared to the optial, the 2MASX soures provide a muh deeper and
uniform view of the whole extragalati sky. The galaxy distribution an
be traed without hardly any hindrane in the Galati Antienter. How-
ever, the wider Galati Bulge region  represented here by the half billion
Galati stars from the PSC  ontinues to hide a non-negligible part of the
extragalati sky. Despite the fat that NIR surveys should in priniple be
able to unover galaxies to extintion levels of about AB = 10
m
ompared
to 3m in the optial, the NIR ZOA does not appear narrower here ompared
to the redued optial ZOA whih on average has an approximate width of
b ∼< ±5
◦
around the Galati Plane (see Fig. 4 in KK&L2000 whih shows a
whole-sky distribution of galaxies with D ≥ 1.′3 that has been omplemented
12
Figure 8: Distribution of optially deteted galaxies (irles) with D > 12′′ in
the Sorpius regions, and 2MASS galaxies (small dots) with K ≤ 14.m0 and
(J −H) > 0.m0 in the Sorpius searh region and surroundings. The ontours
mark extintion levels of AB = 1.
m0 and 3.m0.
with all published ZOA galaxies that also meet that riterium).
Thus, there learly also exists a NIR ZOA, but its form is quite distint
from the optial one. To understand the dierenes between these two ZOAs
we ompared in detail the results from our optial survey in the Sorpius
region with 2MASX detetions. The Sorpius region lies to the left of the
GA region (most left searh area in Fig. 3) and to the right of the Galati
Center, where onfusion from the foreground Milky Way is extreme.
The optial and 2MASS galaxy distributions are displayed jointly in Fig. 8.
The large irles represent optially deteted galaxies in Sorpius (Fairall &
Kraan-Korteweg 2000, 2005), the small dots 2MASX objets with K ≤ 14.m0.
It should be noted that extremely blue objets ((J −H) < 0.m0) are exluded,
as well as 2MASX soures that were rejeted as likely galaxy andidates upon
visual examination by Jarrett (priv. omm.). These generally are Galati
objets, suh as HII regions and Planetary Nebulae, the prime ontaminant
at |b| < 2◦ (optial atalogs also ontain a small fration of them). The 1.m0
and 3.m0 optial extintion ontours are also drawn.
Fig. 8 onrms that even this lose to the Galati Bulge, where star den-
sities are high, deep optial searhes are fairly faithful traers of the galaxy
distribution to AB ∼ 3
m
, with only a few  mostly unertain  galaxy an-
didates peaking through higher dust levels. Though the extintion in the
K-band is only 9% of that in the B-band, only about one-third of the opti-
ally identied galaxies in the Sorpius region have a ounterpart in 2MASS.
Although the 2MASX soures seem to probe deeper into the Milky Way above
the Galati Plane, this trend is not seen at negative latitudes. There, learly
optial galaxies dominate and they also probe the galaxy distribution deeper
into the plane.
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A diret orrelation between dust absorption and 2MASX soure density
is not seen here. NIR surveys beome progressively less suesful ompared
to optial surveys when approahing the Galati Center. In fat, this pro-
gressive loss of 2MASX galaxies is already notieable in the fration of optial
galaxies that have ounterparts in the 2MASX atalog. This fration is 47% in
the Hydra/Antlia region (ℓ ≈ 280◦; see Fig. 3 for orientation), and dereases
to 39% in the Crux region (ℓ ≈ 310◦), 37% in the GA region (ℓ ≈ 325◦), 33%
in the Sorpius region (ℓ ≈ 340◦), and to a mere 16% in the by Wakamatsu
et al. (2000, 2005) explored Ophiuhus luster region (ℓ = 0.◦5, b = +9.◦5).
It should be maintained though, that there also are 2MASX galaxies in
the optially surveyed regions that have no optial ounterpart. This fration
inreases inversely, i.e. the farther away from the Galati Bulge the higher
this fration. Not unsurprisingly, the majority of ZOA galaxies that are seen
in 2MASS galaxies but not in the optial are on average quite red and faint
(mostly with K ∼> 12
m
). This is partly a ZOA eet with NIR surveys nding
red galaxies more readily at higher absorption level. But it is also due to
the inherent harateristis of the two surveys. Whereas the NIR is better at
deteting old galaxies and elliptials, the optial surveys  although susep-
tible to all galaxy types  are best at nding spirals and late-type galaxies
(espeially low surfae-brightness galaxies and dwarfs). The surveys are in
fat omplementary.
The suess rate of galaxy identiation in the NIR atually depends muh
more strongly on star density than dust extintion. This eet is orroborated
by Fig. 9, whih shows 2MASX soures with K ≤ 14.m0 within ±15◦ of the
Galati equator. In the left panel, DIRBE/IRAS extintion ontours of AB =
1.m0, 3.m0 and 5.m0 are superimposed. The right panel emphasizes the loations
of 2MASX soures in regions where the density of stars in the PSC with
K ≤ 14.m0 per square degree is logN = 3.50, 3.75, and 4.00.
An examination of the dust extintion ontours with the area in whih
2MASX does not nd extended soures does not suggest a orrelation between
them. In the Galati Antienter, roughly dened here as ℓ ∼ 180◦ ± 90◦,
2MASX objets seem to ross the Plane without any hindrane. For this
half of the ZOA, plots of NIR magnitude or diameter versus extintion (not
shown here) onrm that galaxies an be easily identied up to extintion
levels equivalent to AB ∼> 10
m
, and extintion-orreted Ko-band magnitudes
versus extintion diagrams imply that 2MASS remains quite omplete up to
Ko ∼< 13.
m0 for AB ∼ 10.
m5.
This is not at all true for the wider Galati Bulge region (ℓ ∼ 0◦ ± 90◦),
where 2MASX detets objets to lower extintion levels only and where the
ompleteness limit is at least one magnitude lower ompared to the Antienter.
And although Galati dust does redue the ompleteness limit of 2MASX
soures at low latitudes  although to a muh lower extent than in the optial
 the origin of the NIR ZOA is mainly due to soure onfusion in regions of
high star density.
This region in whih NIR surveys fail ompletely has a very well-dened
shape. It is traed by the star density isopleth (stars per square degree with
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Figure 9: Distribution of 2MASX soures with K ≤ 14.m0 along the Galati
equator within b ≤ ±15◦. In the left panel, DIRBE/IRAS extintion ontours
of AB = 1.
m0, 3.m0 and 5.m0 are superimposed. In the right panel, galaxies
found in regions of star densities of logN = 3.50, 3.75, and 4.00 per square
degree (K ≤ 14.m0) are enhaned.
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K < 14.m0) of log (N) = 4.00 , i.e. the innermost ontour in the right panel
of Fig. 9. At this level, the ompleteness has already dropped signiantly.
Above this limit, the point soures are paked so densely that extended soures
an not be extrated anymore. The hoped-for improvement of unovering
the galaxy overdensity with NIR surveys to lower latitudes ompared to the
optial, as for instane in the Great Attrator region (ompare Fig. 3 or 5 to
Fig. 7), has not been ahieved.
It should be maintained, however, that for the ZOA away from the Bulge
 as well as for the rest of the sky  2MASS as a homogeneous whole-sky
survey obviously is far superior. An optimal approah in revealing the galaxy
distribution behind the Milky Way will atually result from a ombination
of deep optial and near-infrared surveys. Not only beause of the dierent
suseptibility to morphology, but beause the former are sensitive to galaxies
loated behind regions of high soure onfusion, and the latter to galaxies
loated behind thik dust walls.
A redution of the ZOA ommon to both the optial and NIR might be
ahieved by a ombination of a deep R-band survey with a spatially higher re-
solved NIR survey (higher than the urrent NIR surveys 2MASS and DENIS)
whih should diminish the soure onfusion in high star density regions.
3.2 The Shape of the NIR ZOA
For the disussion in this setion on the shape of the NIR ZOA, we dene
it more or less ad ho as the nearly ompletely empty region as outlined by
the isopleth given with the 2MASS PSC star density of logN = 4.00 per
square degree for stars with K ≤ 14.m0 (inner ontour of left panel of Fig. 9).
A loser look at the NIR ZOA reveals some interesting asymmetries that
are independent of extragalati large-sale struture but are atually due to
Galati struture.
The bulge and disk as outlined by the lak of galaxies seem to be inlined
with respet to the Galati equator. Its mean latitude is oset to positive
latitudes for ℓ ∼ 90◦, and to negative latitudes for ℓ ∼ 270◦ (−90◦). This
lopsidedness has been known for a long time. It was rst established from
the Galati hydrogen olumn densities by Kerr & Westerhout in 1965 for
longitudes between ℓ = 220◦ − 330◦. The same inlination is evidened also
in the dust ontours (see left panel of Fig. 9).
Another asymmetry beomes obvious when regarding the width of the
NIR ZOA with respet to the Galati Center. Whereas the NIR ZOA an
be followed to about ℓ ∼ 120◦ on the one side, it strethes over 'only' 90◦
on the opposite side of the Galati Center (to ℓ ∼ 270◦). The explanation
for this asymmetry lies in the relative loation of the Sun with respet to the
Galati spiral arms. When looking towards the loal Orion arm, our line
of sight is hit diretly with a high density of nearby stars, bloking a larger
fration of the extragalati sky from our view, whereas the opposite line of
sight is nearly free of stars for quite a distane until it hits the more distant
spiral arm, allowing us to identify galaxies more easily between the fainter
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Figure 10: Distribution of 2MASX soures in an equal area Aito projetion
in Galati oordinates that have redshifts listed in NED (Jarrett 2004, priv.
omm.).
and smaller stars of this star population.
Furthermore, when regarding the loation where the Galati Bulge is
highest, one notes that it does not peak at ℓ = 0◦ as expeted, but is entered
on ℓ ∼ +5◦. This oset probably is due to the bar of our Galaxy. Its near side
points towards us (positive longitudes), reduing our view of the extragalati
sky stronger ompared to our line of sight towards the far side of the Galati
bar.
As these asymmetries have more to do with Galati struture than ex-
tragalati struture, one might be tempted to ignore them. However, these
asymmetries in the distribution of galaxies should be taken into aount when
using the 2MASX atalog  or redshift surveys based on 2MASX subsamples
 for dipole determinations. These strutures might have a signiant eet
on the results if not properly orreted for.
3.3 A Redshift Zone of Avoidane
A redution of the ZOA on the sky does not imply at all that a similar
redution an also be attained in redshift spae. This is seen most learly in
Fig. 10 whih displays the distribution of 2MASX galaxies that have a redshift
listed in NED, the NASA/IPAC Extragalati Database (Jarrett 2004, priv.
omm.). The ZOA in this gure is quite distint from the previously dened
NIR ZOA. Its form is atually muh more reminisent of the optial ZOA
delimited by the extintion ontour of AB = 3.
m0 (see Fig. 4 in KK&L2000).
Hardly any redshifts are available for latitudes of b ∼< 5
◦
.
One might argue that this is an artifat beause it is based mainly on
optially seleted targets. 2MASX has been released only fairly reently and
systemati follow-up redshifts observations of the newly unovered galaxies at
low Galati latitudes, in partiular in the Galati Antienter ZOA half, have
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Figure 11: Distribution of 2MASS galaxies observed with 6dF in a strip ross-
ing the Galati Plane in the Puppis region. Cirles represent galaxies with
redshifts, rosses those without a reliable redshift determination. The on-
tours indiate an optial extintion of AB = 1.
m0, 2.m0 and 3.m0 (thik ontour).
not yet been made and/or published. This is however not entirely true. In
whatever kind of waveband a ZOA galaxy is identied, it remains inherently
diult to obtain a reliable optial redshift when the extintion in the optial
towards this galaxy exeeds 3 magnitudes, i.e. the delimiting fator of optial
surveys in general.
This is seen quite learly in Fig. 11 whih shows 2MASS galaxies in Pup-
pis  a lament is rossing the Plane there (see Fig. 7)  on a sequene
of 6-degree elds (6dF) entered on De = −25◦. This strip has been ob-
served with the multibre spetrosope at the UK Shmidt Telesope as
part of a pilot projet aimed at extending the 6dF Galaxy Survey towards
lower latitudes. It now is restrited to the southern sky with |b| ≥ 10◦ (see
http://www.mso.anu.edu.au/6dFGS for further details).
The rosses mark galaxies for whih a reliable redshift ould be measured,
the lled dots galaxies for whih this ould not be realized. At rst glane, the
plot seems to indiate a fantasti suess rate for obtaining redshifts all the
way aross the Milky Way. However, it should be noted that the onerned
ZOA strip lies in a region renowned for its low dust ontent (it hardly exeeds
3 magnitudes), and a areful inspetion indiates that redshifts have generally
not been obtained for galaxies that lie in pokets where the extintion is higher
than AB ∼> 3.
m0 (thik ontour). So even when galaxies are identiable deep
in the Plane, reduing the redshift ZOA will remain hard, and an optimization
of targeted ZOA galaxies is ruial for redshift follow-ups.
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4 Dediated HI Galaxy Searhes in the ZOA
Beause the Galaxy is fully transparent to the 21m line radiation of neutral
hydrogen, HI-rih galaxies an readily be found through the detetion of their
redshifted 21m emission in the regions of the highest obsuration and infrared
onfusion. Furthermore, with the detetion of an HI signal, the redshift and
rotational properties of an external galaxy are immediately known, providing
insight not only on its loation in redshift spae but also on the intrinsi
properties of suh obsured galaxies. This makes systemati blind HI surveys
powerful tools in mapping large-sale strutures behind the Milky Way.
Early-type galaxies  traers of massive groups and lusters  are gas-
poor and will, however, not be identied in these surveys. Furthermore, low-
veloity extragalati soures that fall within the veloity range of the strong
emission of the Galati gas (v ∼< ±250 km s
−1
) will be missed. Galaxies that
lie lose in position to radio ontinuum soures may also be missed beause
of the baseline ripples they produe over the whole observed requeny range.
Two systemati blind HI searhes for galaxies behind the Milky Way have
been made. The rst used the 25 m Dwingeloo radio to survey the whole
northern Galati Plane for galaxies out to 4000 km s
−1
with a sensitivity of
rms of 40 mJy for a 1 hr integration (see KK&L2000 for a summary of the
results). A more sensitive survey (rms of typially 6 mJy beam−1), probing a
onsiderably larger volume (out to 12 700 km s
−1
), has been performed with
the Multibeam Reeiver at the Parkes 64m radio telesope in the southern
sky. In the following, the most reent results of this survey are given.
4.1 The Parkes Multibeam HI ZOA Survey
The Multibeam reeiver at the 64m Parkes telesope was speially on-
struted to eiently searh for galaxies of low optial surfae brightness,
or galaxies at high optial extintion, over large areas of the sky. It has 13
beams, eah with a beamwidth of 14.′4, arranged in a hexagonal grid in the
foal plane array (Staveley-Smith et al. 1996) whih allows  with its large
footprint of 2.◦5 on the sky  rapid sampling of large areas.
In Marh 1997, this instrument was mounted on the telesope and various
surveys were started, one being a systemati blind HI survey within b < ±5◦ of
the ZOA. The observations were performed in sanning mode. Fields of length
∆ℓ = 8◦ entered on the Galati Plane were surveyed along onstant Galati
latitudes where eah san was oset by 35
′
in latitude until the nal width of
∆b = ±5◦ had been attained (17 passages bak and forth). The nal goal was
25 repetitions per eld. With an eetive integration time of 25 min/beam,
a 3σ detetion limit of 25mJy was obtained. The orrelator bandwidth of
64 MHz was set to over a veloity range of −1200 ∼< v ∼< 12700 km s
−1
. The
survey therewith is sensitive to normal spiral galaxies well beyond the Great
Attrator region (e.g. 5 · 109 M⊙ at 60 Mp for a galaxy with a linewidth of
200 km s
−1
), next to the lowest mass dwarf galaxies in the loal neighborhood
(106 − 107 M⊙), or extremely massive galaxies beyond 10 000 km s
−1
suh as
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the extraordinarily massive galaxy HIZOAJ0836-43 with a HI mass of 7 ·1010
M⊙ found in one of the ZOA data ubes (Kraan-Korteweg et al. 2005b; Donley
et al. in prep.).
The data are in the form of three-dimensional data ubes (position-position-
veloity, with pixel and beam sizes of 4′ × 4′, and 15.′5, respetively). Exper-
imentation with automati galaxy detetion algorithms indiated that visual
inspetion of the data ubes is more eient for the ZOA, where the noise due
to ontinuum soures and Galati HI is high and variable. The ZOA ubes
were inspeted by at least two, sometimes three, individual researhers, with
the subsequent neutral evaluation of inonsistent ases in the detetion lists
by a third party.
An rst analysis overing the southern Milky Way (212◦ ≤ ℓ ≤ 36◦)
based on 2 out of the foreseen 25 passages (the HI ZOA Shallow Survey;
heneforth HIZSS) with and rms noise of 13 mJy beam−1 led to the disovery
of 110 galaxies, two thirds of whih were previously unknown (Henning et
al. 2000). A nal atalog of the 23 entral ubes of the full-sensitivity survey
is in preparation (Henning et al., in prep.).
The data and plots of the full sensitivity survey are presented in the next
setion. They are based on a provisional version of this atalog whih might
still ontain a few galaxy andidates that will be rejeted for inlusion in
the nal atalog. They furthermore inlude detetions from an extension to
the north (De> 0◦), whih was done at a later stage, resulting in 2 further
ubes on both sides of the southern ZOA (Donley et al. 2005). The data
set regarded here thus onsists of 27 data ubes that over the ZOA between
196◦ ≤ ℓ ≤ 52◦ for |b| ≤ 5◦. A total of slightly over one thousand galaxies
were identied in these data ubes.
4.2 The Deteted Galaxies
Figure 12 displays the distribution along the Milky Way of the in HI deteted
galaxies. An inspetion of this distribution shows that the HI survey nearly
fully penetrates the ZOA with hardly any dependene on Galati latitude.
Figure 12: Distribution in Galati oordinates of the galaxies deteted in
the deep HI ZOA survey. Open irles: vhel < 3500; irled rosses: 3500 <
vhel < 6500; lled irles: vhel > 9500 km s
−1
.
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Figure 13: Distributions as a funtion of the Galati latitude, longitude and
the helioentri veloity of the in HI deteted galaxies. The lower histograms
represent the results from the HIZSS.
This is onrmed by the left panel in Fig. 13, whih shows the detetion
rate as a funtion of Galati latitude. The small dip in the detetion rate
between −2◦ ∼< b ∼< +1
◦
stems mainly from the Galati Bulge region and to
a lesser extent from the GA region (ℓ ≈ 300◦ − 340◦). The former is due to
the high number of ontinuum soures at low latitudes in the Galati Bulge
region. In the GA region the gap is possibly related to the high galaxian
density for the on average higher veloity, hene fainter, galaxies. There, a
moderate number of ontinuum soures may already result in a detetion-loss.
This explanation is supported by the fat that this dip is not notieable in
the shallower HIZSS data (lower histogram).
A muh stronger variation is apparent in the number density as a funtion
of Galati longitude (see also middle panel of Fig. 13). This an be ex-
plained entirely with large-sale strutures suh as the nearby (and therefore
prominent in HIZSS) Puppis lament (ℓ ≈ 240◦), the Hydra-Antlia lament
(ℓ ≈ 280◦), the very dense GA region (ℓ ≈ 300− 340◦), followed by an under-
dense region (52◦ ∼> ℓ ∼> 350
◦
) due to the Loal and Sagittarius Void.
These large-sale strutures have left their imprint also on the veloity
diagram (right panel of Fig. 13), whih shows two onspiuous broad peaks.
The low-veloity one is due to a blend of various strutures in or rossing
the Galati Plane while the seond around 5000 km s
−1
learly is due to the
GA overdensity (see also Fig. 14 − 16). The veloity histogram moreover
shows that galaxies are found all the way out to the veloity limit of the
survey of ∼ 12 000 km s−1, hene probe the galaxy distribution onsiderably
deeper than either the shallow ZOA survey HIZSS (lower histogram), or the
southern sky HI surveys also made with the Multibeam instrument, the HI
Bright Galaxy Catalog (BGC; Koribalski et al. 2003) and the HI Parkes All
Sky Survey (HIPASS; Meyer et al. 2004).
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Figure 14: Galati latitude slie with |b| ≤ 5◦ out to 12000 km s−1 of
the slightly over 1000 in HI deteted galaxies. Cirles mark intervals of
3000 km s
−1
.
4.3 Unovered Large-Sale Strutures in the GA
Figure 14 shows a Galati latitude slie with |b| ≤ 5◦ out to 12 000 km s−1 of
the galaxies deteted in the deep Parkes HI ZOA survey (heneforth HIZOA)
for the longitude range 196◦ ≤ ℓ ≤ 52◦. The lear onlusion when inspet-
ing this gure is that the HI survey really permits the traing of large-sale
strutures in the most opaque part of the ZOA; and this in a homogenous
way, unbiased by the lumpiness of the foreground dust ontamination.
In the following, some of the most interesting features revealed in Fig. 14
will be disussed. It is suggested to simultaneously onsult Fig. 15, whih
shows the HIZOA data with data extrated from LEDA surrounding the ZOA
in sky projetions for three veloity shells of thikness 3000 km s
−1
. This
helps to show the newly disovered features in ontext to known strutures.
Viewing the distribution of galaxies within ∆b ≤ 5◦ in this gure illustrates
quite learly how the HI survey has managed to ll in that part of the ZOA,
traing various ontiguous strutures aross the plane of the Milky Way.
The most prominent large-sale struture in Fig. 14 ertainly is the Norma
Superluster whih seems to streth from 360◦ to 290◦ in this plot, lying always
just below the 6000 km s
−1
irle, with a weakly visible extension towards Vela
(∼ 270◦). The latter is more pronouned at higher latitudes (see panel 2 in
Fig. 15, and Fig. 16). This wall-like feature seems to be formed of various
agglomerations. The rst one around 340◦ is seen for the rst time with
new HI data. Beause of the high extintion there, it annot be assessed
whether this overdensity ontinues for |b| > 5◦. The lump at 325◦ is due
to the outer boundaries at lower latitudes side of the Norma luster A3627
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Figure 15: Sky projetions of three redshift slies of depth ∆v = 3000 km s−1
showing the HIZOA data in ombination with data from LEDA. The HIZOA
survey area is outlined.
(ℓ, b, v = 325◦,−7◦, 4880 km s−1; Kraan-Korteweg et al. 1996). The next two
are previously unreognized due to groups (or small lusters) at 310◦ and
300◦, both at |b| ∼ +4◦. They are very distint in the middle panel of Fig. 15.
Between these two lusters at slightly higher latitude we see a small nger of
God, whih belongs to the Centaurus-Crux/CIZA J 1324.7−5736 luster.
This is not the only overdensity in the GA region. A signiant agglomer-
ation of galaxies is evident loser by at (ℓ, v) = (311◦, 3900 km s−1) with two
laments merging into it. Although no nger of God is visible (never very
notable in HI redshift slies), this onentration forms part of the previously
disussed galaxy onentration around the strong radio soure PKS 1343−601
whih is onsistent with an intermediate size luster residing there.
Next to the Norma luster, only the Centaurus-Crux luster has an ap-
preiable X-ray emission (Ebeling et al. 2002; Mullis et al. 2005). It seems
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therefore unlikely that any of the newly apparent galaxy onentrations are
a signature of a further massive luster that onforms part of the GA over-
density. But it should be kept in mind that X-ray photons are subjeted to
photoeletri absorption by the Galati hydrogen atoms  the X-ray absorb-
ing equivalent hydrogen olumn density  whih does limit detetions lose
to the Galati Plane. This eet is partiularly severe for the softest X-ray
emission, as observed by ROSAT (0.1-2.4 keV), and is seen in the CIZA luster
distribution (CIZA standing for Clusters in the Zone of Avoidane, a system-
ati searh for X-ray lusters with Galati latitiudes |b| ≤ 20◦). Hardly any
lusters are found for Galati HI olumn density over NHI > 5× 10
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m
−2
,
whih reates an X-ray ZOA of about ∆b ∼< 5
◦
on average (see Fig. 14 in
KK&L2000; Fig. 7 in Ebeling et al. 2002).
Although the overdensity in the GA region looks quite impressive here, a
preliminary quantitative analysis of the 4 ubes overing 300◦ ≤ ℓ ≤ 332◦ by
Staveley-Smith et al. (2000) nd a mass exess of 'only' ∼ 2 · 1015Ω0M⊙ over
the bakground, thus onsiderably lower than the preditions from the infall
pattern. Then again, the signatures of overdensities and lusters are overall
muh shallower in HI surveys ompared to, e.g., optial surveys (e.g. Fig. 22
versus Fig. 23 in Koribalski et al. 2004).
To the left of the GA overdensity a few other features are worthwile de-
sribing. An underdense region omprised of the Loal Void and the Sagit-
tarius Void is seen around ℓ = 360◦ at entral veloities of ∼ 1500 and
4500 km s
−1
(see also the rst two panels of Fig. 15). Exept for the tiny
group of galaxies at about (350◦, 3000 km s−1), the distribution here and in
Fig. 14 suggest one big void rather than two seperate ones. In ontrast, the
righthand side of Fig. 15 is quite rowded: the Puppis region (ℓ ∼ 240◦) with
its two nearby groups (800 and 1500 km s
−1
) followed by the Hydra Wall at
about 3000 km s
−1
that extends from the Monoerus group (210◦) to the on-
entration at 280◦. The latter is not the signature of a group but due to a
lament emerging out of the Antlia luster (273◦, 19◦; see Fig. 15).
With this systemati HI survey, we ould map for the rst time large-sale
strutures without any hindrane aross the Milky Way (Figs. 14 and 15). It
is the only approah that easily unovers galaxies in the ZOA - and reords
their redshift. For this reason we are urrently extending the Parkes HI ZOA
survey to higher Galati latitudes in the Galati Bulge region (332◦ < ℓ <
36◦) where the optial and NIR ZOAs are wider and knowledge about the
strutures very poor. They will improve the knowledge on the borders of the
Loal and Sagittarius Void, as well as the Ophiuhus luster studied optially
by Wakamatsu et al. (2000; 2005).
5 Disussion
In the last deade, enormous progress has been made in unveiling the extra-
galati sky behind the Milky Way. At optial wavebands, the entire ZOA
has been systematially surveyed, reduing the optial ZOA by about a fator
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of 2− 2.5, i.e. from AB = 1.
m0 to AB = 3.
m0. Its average width is about ±5◦,
exept in the low-extintion Puppis area, where galaxies have been found at
all latitudes, in ontrast to the Galati Bulge region where the 3.m0 ontour
rises to higher latitudes for positive latitudes.
2MASS, as a homogeneous NIR survey, obviously is far superior to optial
surveys, partiularly onsidering that the optial ZOA surveys were not only
performed on dierent plate material, but also by dierent searhers using dif-
ferent searh tehniques. Nevertheless, in the regions of highest star densities
(over 10 000 stars with K ≤ 14m per square degree), i.e. around the Galati
Bulge (ℓ ∼< ±90
◦
), the identiation of galaxies fails for latitudes between ±5◦
up to ±10◦ (see innermost ontour in right panel of Fig. 9) and the hoped-for
improvement of unovering further galaxy overdensities in, for instane, the
Great Attrator, ould not be realized.
Even when a galaxy an be identied at high extintion levels, suh as
is possible in the NIR and FIR, this will, however, not automatially redue
the ZOA in redshift spae. As disussed in Set. 3.3 (see Fig. 10) it remains
nearly impossible to obtain optial redshifts for galaxies at extintion levels
AB ∼> 3
m
. At these levels only HI observations prevail  if the galaxies are
gas-rih and not too distant. But even with a HI detetion, ross-identiation
with its optial, 2MASS and/or IRAS ounterpart (Donley et al. 2005) often
remains ambiguous beause of positional unertainty due to the large beams
of single-dish radio telesopes.
As seen in this paper, the mapping of the galaxy distribution behind the
Milky Way requires onsiderable eorts. Still, ombining data obtained from
the various multi-wavelength approahes will reveal this hidden part of the
Universe, as learly illustrated with Fig. 16 for the Great Attrator region
 though a quantiation of the strutures will remain diult due to the
dierent biases and seletion eets in the dierent methods.
Figure 16 shows a redshift slie of width |b| ≤ 10◦ out to 12 000 km s−1
ompared to the ±5◦ of the HI data alone. All galaxies with a redshift in
the LEDA data base are inluded next to the data from the HIZOA. Note
that this is not a homogenous data set. It learly is deeper sampled from
270◦ ∼< ℓ ∼< 340
◦
beause of the intensive redshift follow-up programs of the
ZOA atalogs by Kraan-Korteweg, Woudt and ollaborators in that longitude
range (see Set. 2.1).
Before the ZOA researh programs, this slie only had a few points in
them  mainly in the low extintion Puppis area (ℓ ∼ 240◦)  and ertainly
did not allow any reliable desription of large-sale strutures. It now has been
lled to a depth omparable to unobsured regions in the sky and the above
diagram reveals various lusters, lamentary and wall-like strutures, next to
some sharply outlined voids whih nally allow a fairly profound glimpse at
the previously hidden ore of the Great Attrator. Fig. 16 learly shows the
prominene of the Norma luster (ℓ = 325◦) as well as its entral loation in
the great-wall like struture that an be followed from 270◦ to 360◦ within the
redshift range 4000−6000 km s−1. In front of this wall, we see further laments
that merge in the galaxy onentration around PKS1343−601. The ombined
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Figure 16: Galati latitude slie within |b| ≤ 10◦ out to 12000 km s−1 with all
the galaxies extrated from LEDA, inluding the HI Multibeam data displayed
in Fig. 14.
strutures in the viinity of the Norma luster show a strong similarity to the
Coma luster in the Great Wall from the CfA redshift slies by Huhra, Geller
and ollaborators. The ow eld that pointed to a so-alled Great Attrator
does seem explained by what we now all the Norma Superluster, together
with the galaxy onentration around PKS1343−601, as well as the Centaurus
Wall, that strethes from the Pavo luster (332◦,−23◦) aross the Galati
Plane to the Centaurus luster (320◦,+22◦) at slightly lower veloities than
the Norma Superluster.
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